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dur. Axes x-4 alfachad ;. iln. D» plate 
ith < angi at 8٠١ form the-rolahn ug a 
system. lhe. velahve veka o 2 ei 


v7 VA Pa dx e Vel cw 
- torns jo m. "f b, , aye Calculated 








(ex i o a 
pomt B. moves "a Circular are arami o, o, 
th veocly: haa. magnihude . t 
[Va] 2145) «9 = (ode) 52 lad m/s 








PN 


The” term aa 92 he veloci Yelahve. |. 
£o B. of - bowl-.P ‘Comicident wilh A: The 


"lube. PL „ Votate, ow cdd — E 


wW = 0 Ko lat 


| جد‎ » 4: | = Ves |x Le, 9 
€ LoP(S) = — o 24 mf 


^ — 


— 


and 75 direch c T han m Wg C. 


Jhe  velahve veloc: Vyel fA, 03a. f. plate 
yep upon e and . had: enun " 
yi z“ at wi i * M 

" [vel] = A B= (- og) (Spa: 46 n/ 5e 
and ds divrechma dann a Ahan. Adding 
the three Vectors Shain m i ord eba 


(o: EC ho adiis 





Uy = 
i 5 — s - ١ 4 s3 mm/s 3 

ho 0-21 "2p 6‏ ر جا و سل نوات 
Ul Pss Bc CM BN =. ag‏ 
8 * 9 سي م 6 0-42 00 Te Lam‏ 





le. of Chan ie . of a Vecloy # 


a" is tiling 4د‎ T ‘ GG MP ' : a pul 
ansformalion ef. lime denvalive: beíueex 
و‎ aw and non- Yotaling "axes # ^ 


Probl em» For. any. lime dependent vector 
Funclion., obtain. a. Yelalionship 


between fixed and: Yotali ing frames:s . 
So] # 2 | A. Git le. a. dna: of pes 


vectors. m- Frame ^f veteran S. ONY’ .. 





- =. . >» - =»  -— “r — - -  - © - o o >= © > o > الس‎ = wm. 
-—— o = 
2ه > واس‎ - = 


Yelalive to d.. Fined Frame. 3 3 0143 ~ 5 
ht Pobe ماق نقاءطنوم..ه‎ suy s e? 
moving m hame S , b. رهد اد‎ 
Amd A xa e | /& ; 
be p.v velahve .:. | ENS 2 
LE, dime dependeat: weet. fo 
Ve CtOY. tumetion-- We Hna a — di sdfde 
ls time. dernvatve.. © renee 
QX- fixed dua ب‎ we 
amd: votaling- axe. J> + لو‎ 





Q^ li. s 
عه‎ A 4 


EN" ANLE 8 = “a AZ. 5 SS T 
NOW. fe. = ثم نو‎ — J + Bh / 

laletw 1 dne: devivahve. FE | A.. OA’ measured 

goat 5 - Aystem , عدن‎ have 

dA A^ ut eIn / 4A / ,^ 
= = “it + xdi pud 

( = 2 l, 1 4 à k+ gr + لك د‎ 





oh. oln 7 a. 7 ^ / ia 
= IT 1 ل‎ +016 +e MXit ل لا لا‎ + $4xk 
(Note 2m am obs A wm fined Alen ك-‎ | 
dw ge Wan) 
1 ^ "L0 ^ / | r 
7 = Rit 4584 EULA A 
Now - am: obs. m .yotahing sylem Comp 
of dewwvalive F A^ ave x „f ,3- So X $43 fij _ 
(^ rale f Change ef 4 dA measered by an, 
melee eda mwina. isih SH . may be called 
lhe vate ef gravia fon ve, m, Calculating: d. 7 





e's Mink. of E eder AC GA. ^ changing av 
grating ; hove a rij Yen al ns Constant: Me. | 
5 ite 5 d d. ; 


à 3 
~~ o w -— -— (FÉ س +--+ لهم -- —~ — 8 س‎ —— E 


JE) oy PS X dE. 
dt, elah 


_Znd Es EE es uh vi PVA bs. - due to 


retakon ^f triad [.J,À. or AN 7 pum “and 


4. not measured ov: fell by the retaking observer: St 


Will be measured by à» observi im fined system. 
and A» called yale f transpot- Thur Lor a vectey 


M ف ضار‎ volaling Drame s Ihe. rate Fa 


dab sek veal )و‎ fined system n> 


A 4 y 
= Á oq +... حابي دي .كه‎ 
2 


(b, fined = (Bb) t x4 0 


“this relation holds not aly fy la P V but: 
79 any vec. tf. < woes a moving 
drame deat ule have. | 


ties TAFT 
(Fhia = a + xf 


> The. operalion of P "Un pu xed. fit 


` A rk to 





yi —--@ 7p. ding. i». pohiti. Er PII 
m fini fehim al interval *f Lime dt: Then the. alita | 
M 


-Yotaling Frame ^ meahura -two , Crmponcents ; j 


04 
(a) Ab’ due ‘te 7 - c ee ہے‎ | 
change « Wt ova gnide ` Ela E 
b) 4 dB due to ib 
Yotatran <a velahve to | 
S- sen c a 
Pee fo lhe idu vie 5 
i Hana’, lhe -dleivakve GE | 
wk la obebeAvea. 0 | 





m € Au Qt ha^ e aa 


dé (dp. Ja]. 
ot and OE TAM + * 4 ipe 
He remaining. Part of : CIAM NT : ic xa 
Ho. 4olal deuvakue not. > X ». we have Considered 
vncoAuved by the ` 'eofalrag ٠ ر‎ o Of danu’ demî 
o ررك 5ط‎ has magnitude F4 5 te ean and 
enprnned n a Vector x T s Ex "và tates about 
62 x A^ Jha ` T - م21‎ anth. a) 
b ur GJ X 
| E. 4) - zi Ea | 4 


Corollary * Jf the retaking Anc dye Fined. 
^ ^ arighd bod4 ie ave bocly anes 
and م ران‎ are foo pa rhicles oF maid body 

pu ANA angulay veouly - QJ. Then.. | 


ot) = — 2 because 4^ in vat 
C ° . 


sii pé m magnitude (dae. to rigidity af body 
and m olivechom wyt body axes because . 
observes. ‘Mm body anes also rotate ani hame 
velocilp t4) and mn pain: e 


| — Jua -> xdi ته‎ A^ "n 
LE عنمو[‎ = mE efe ae. 





- - o- عم * اس‎ * ^ o - o o 


a rigid body displacement and alto 
he tnstamtancous angular Velocity veclr, is | - 
(ndependent of the Choice f NIJ of Ihe body 
System of axes: OR. oa v n ذ.‎ 
Prove: that. he. essence 7T rigid body constraint 
(6 hat all Particles of he body . move and 
tale Logehhey. QR- MET 
Prove that the angular velocily vector 1i same 
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fel ox43 be a Fined. Frame of reference. 
Let -A ad. `B. be -Ouqhs ef twa seh £f 
body Co-ordinaks Ax, 43, amd BX. 4. j« respek 
and Ki „fı be ths Position Veclas كر«‎ A and 
2 yelahve t& Ih Fixed Aet of Ce- ordinate ana. 
The Affevesnce عزن ل عا‎ K م‎ givin by 
^K fo Re - Kı 
R= R+R 6ج‎ 

Cowidlina B ^. point defined |i sykm 
ailh ın at A. we have | 











(d) - (djs aie > 


body Uy rigid - 
K «il be Censlam! a been m 
body AH eA drame ıl wigin afA | 


= (22), ecc 
(a£ 2 guxK 9 
| per yin A. Velocily .. f ree abat A 


Max... from O. lh kme deri of Ka 
Yelahive fo space anes 4 Given by 


ar) v— ak) a, 


- - (dh), + 6 × R by (2) 


و 
EOE Canda” pow. sft fined " Tha‏ 


eylem BXL} wik pozikan iit 


. M. Kis Re = Rh . 
E "9 Lime eleuvahve velahue. n poa 


A 


: عم‎ xf TT 
»- A in npor velocily "f body about B 


rt Se =. (28), + + a xR e 


اك E LE EE‏ نب اخ الود ان توح عن ee‏ 
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e = Qi. FORME 4 aiie 
3 The an de veloci veclay ù Aame for 
all Co-ordinates . Syslem m The rigid body ٠ 
By Muhammad Hussain Tasacblag, ya cfurev (Mals) Asghar Mall 


eneral Molim | of a Kiqid Body دعو‎ > 





ie body ` 
A 


* 


A 
X 


Condo. moe yigid body which h aA an 

angulay Vel oci QJ. At mM Lime. t dying 
Ha.. obo placement of body . tt- choose dmy- 
cmumiemt pomt 1>5 f body ‘md . a Hach, wil. 
ik ‘a bods Aet of -amas Basg which volals. 
|| orth velocity. قا‎ -~ Now.. wi mdy .Comder” thal... 
| 


J 


4b كك‎ 
Pont 6 translate and body rotates about 


B whlantaneauly with vou w. Y A 
Ù any olu -pomt F Pod wilh Pv 44g 


"m Eo B. Then: 
AA = . Aap... 


and e deruvahve ert space axes a | 


€ (Git), (e), + (ams), — 
iS Va 2. Vg ee, | 
m 0 E "m 


(Be) + po 
+ Body. à vidiigid | 
7) 2-06 Yeomans ° Conto. am? ux. 5 


Qu  obsely e. Inr body AHA . ٠‏ فم 
body‏ باق هلعل rotating wilh‏ - ش 


m (E), _ 





= Viel 
— dé A8 ثرا‎ Á 
72 ( dt i — — X AIB 
Sus, i 
V4= Vr + Wx ور مي‎ 





Simila vit 


Aa = Gd B + 21 XL ورم‎ t extant, 


di. diui. of. Be perm povat B. 
Å. Quite. avbitars - Tn. prachee pomt B 4 

chòm: Ta: Conyonience. o» Acme point on the 
be edy . whee. mohim Ù Lina. um thole Aon 








the vefernce pomt B A alo called. hare | ` 
pow: ae 
uM Sf A A selected as the. reference 
Doak the vvelakve, egudhims become. 










sa hig ae à RIE cae deal is س‎ PA BE EET wr 
(uo cem. Vac X EBAS ss s 
| : | a : i LLL aT VUR E 
go: B= PA XA دا‎ x ) جا‎ Xj.) 
wuha. £4 کے کور‎ £ A. R 
U Ahadd be clear that | amd hence J 
are the Aame vectors for boh cases because 
“The Absolute an uloy velocdly o 44 bide pendent - 
of is choice op Ye fevence point: n 


ke remarks # In Case of kinetic equations 
of rigtal body. qeneval mohim lhe 

mah Cemlye of hody ù Frequently the most 

Convenient reference point: ‘ 

(2) HY the pomk AFB selecled 
above Teb resent. hr. ends of a rigid Conkol Link 
mM d Special mechanism: where: The emd = 
201.6 chans act 24. hal amd socket joints, it 
A. necessary. to. 0m pose: Cerfan Linematrss.. 
Ye quirements Clearly amy . votahon -8 lba Link 
about ih. own dyis AR does: vot effect the 
action cf. the Link: Shur, the angulay velocity 
Wn whore. vedo w normal bo the Luk olvrerher 
is adim. Ut ù neceary, Therefore, thar Wu fha 
be at right angles, - amd Ths Conditim A Aalisqed 
rf un - AA = © ٠ Similarly, U b ay Compost 
On 5 oF. the, angular ACE. £. علا‎ fk nomal bo AB 
which affect Us achon.so thal -Xn . هرف يل‎ = o 











E"‏ مث 


ons Comidas the genral moti ef a rigid body. | 
which. translates ab well: xolat wil an angular | 2 
"uelacibf Q.. At oot tA | At. during mohim. . 
CowndtA. .. pont «b 0d reference pout F body and 
Yim : Amik: B x'g’ ei > agin attached. fo 
poant. .B- bat heh. votate ‘with an amgulay. | 1 
Velocily.’ JL < oli ffert : dme: فا‎ deu tj ik. ba nit. — 
vedas  allacded to xy)“ Sf A i. ase clin | _ 
-pomt of. nigicl body „Ihem NS NEMO TEN | 
RS Meu Mg Uy hajg + Viel > +~ 


4? Li +. 
f 


: ne 2 


. ١ <١ 84 28د‎ + AXE ديرم‎ Fe XA an +X Vag | — 
—— | : : : p BE a fel i. ET e. £ ds "es^ $ 6 i 





hove Vrel = ب‎ 324i and Qni XC te | 
| dne Velocily and - accelexahon f pomt A 
Yelahue to 2 3 "d meadu red af- am | o bebeueA. 
alached éo x’ g- y | 
Ae. note., hat 7 aja Yemains Constant 
m. .maani lude ' For powk A£ B. Fined. bo igi 
hody but i. wil change_.diechm. x.t xag“ 43° 
when tu angular veloculy Ul of fa Anes 4 
ممع ]له‎ From ha ae ulay PTT نيا‎ f lhe 
body. Also. Uf EC a ae . are viga . ما معأعطاءة.‎ 
bocly Lise. dre. body axes), Then» هل‎ =. a2 and 
Vad amd. aze) عله‎ bolh Jro oo o r E ina 
Tramstn malo. +f . kime NSS ETN 


hs two Arles of anea a Foy amy veclov . 
fo Us (ae "à i 










EA | | 
IE gt L) Rvp 7 
xd X " dt Lx dtxt J 


there a) Stands For رمه‎ vector f enprunik 

both . v ** Fixer) anes amd vYolakrig ane 
: فيك‎ we. Apply. ha . Jm NM 

dit: kal And arde ee a^ . 


(at [Reed = (e Na + al E J) 
udo eee AFIT ^5. ree 
l ~ ax] TF ui Pipes : n 


By Mss: Hussain. Leclurer- ( Maths). 
Govt. College „Asghar. :A Mall — 
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` CHASLES’ THEOREM # — 
— — &lalemenle == |... 
TUN. TNR de oe, EE dins! .. : he. most general 
displacement., of. A rigid body, >. a translahan | 
amd. a. - wtalim about Agne base polt... 
CREPERIE” P 
SL. states Ihat am arbitrary Abdplacement 
°F a vigid body Comsisk of translation of. 


the Fined point amd Yodaliav about am. 
. AMIS - -parang through the Fired- 


The most geneva alia placement of a rigid 
body 4. a translahon plus a  Tolafien 


Proof 










=, = RC 
C owid e. a geneva! displace ment of rigid 
body m which: the _hooly lA not yeAtricted | 
to tun about a Fixed point. tut A B,C 
Lobe Lhe : mihal Positions” ef [hu three nm- 
.Colnear parhcles rf the body- Lt A^, Bic, 
be te  fmal pots ef. these partides. 
| She wa note at owe thal lhvs cha place 
ها‎ ..Carried ou: m. hoo steps: DENT 
u) A translatim. which takes A "م ها‎ 
ر‎ B te [^ 526: to C/ Where 
BB’ 








2) A: yotation s abaut A hich. ‘takes... 
Rl to Bj, and. C be C, :.. .- aed —4 
| TNT Inm fle, above.. cesenphon 
we haue. Conrstdered_votahon of body abaut. 
a -paride (pte bods) originally at A~. Such 
a parkide (pout) ù called bare pant. She 
base pool Cam ..be chan ed.. Wilh lla : 
` change ef bare point. the tramlateh — 
involved will: be chamged but votalian., ^ 
مما‎ de pendent of. the une pert : ‘For. the motion 
to be geneyal “Melis pla cents must be independ 
ent "f the -base point and rotation. must alto 
be widependent f lh. bare point: We prove 
there ومط‎ Condition: ee E ! 

For bare boit As 
| fot Ay’. be. p.v. FA velahve to 
Aame Fined axes ٠ ded ال‎ be angulay vou 
of Hix body which takes Bo Br. amd Ci oC, 
whem body votates about عضوم‎ axis: lhrou م‎ Aj wh - 

Jt. det Lr des parom. B, elalive ko ed ans. 
oomo- mak UR RPM 


Daplacement of B during bime PNE. " 
GuleLval dt Ù Given by 1 


A 
GA = Vg dt + di x4 w.. 


&7 ~ 


E Ma xus. 

nS ee x Varn VA + J] KX A. —0O0 5 eae ors 

| Now: ‘Conade: .. amolher : pamt D .a base 
4 له - رورد‎ d Ie نا دورج‎ 


MEINER. eA ine tt se Eats EARN تناب تون‎ NS 
and w} be angular .vdedby. ,ب‎ 97. — - 

pt bady about b, ich taks , | 
f 46 By dud. c^. £o Ci during dt 
then change. on. fneay S 
«dà مصاعو ء عام‎ ٠١ . 2/62 w, ver A 





dha. = = Vrai P a ol KA.. p 


| | 
$ 4 
. y Red» x EN m 5 . جب‎ MY XM . Z = à D: 
e 
1 ~ » A 4 ٠ 9 A * a f., PS ١ 
- A ÇO. á نەم عر‎ ١ 9و2‎ -—— _ , 1 2X $ 


4 "Yos — Va "t ال‎ 5 du ^ ® ta hot ete 8 

5 i ) » E ION 
| Condon. A’ QV “pot M - vodabng prame 
at D wae... hau. . TECHN 


VA‘ = Yo — we انلام‎ 


E MR = T7 uela 28 

ye - By ©. and. à. site. end ES 
A eis ERES We. +, ETE, NR EET 
x}. POW ST tig Or ai dependent. £ base eE | 
Rut fan (9 and (2 ‘We. note, that by. Change mu 
- bax -point the imn i volue i A 
Changed. Heme. proved Acacia! 







Remarks + Chasles also Proved a 

strmae: form. of the hewes which states 
that if ها‎ possible to chove mgin ef (ha 
body net “f anes So lhal the tramilahon ú 
m lk Aame dirchm ar lhe ania of volallan 
Auch a Combination ef trams lain and'votati 
A. Called a ` Swe. mohim. This versi o of 
le herem ù of Lille Ube. NOJ- a -lays 


å 
E Y QÀ 
$ 4 








o ŠI 


(eclor E ~uctlion 2 a Line ssn hrou 





iven Pointy 0 


a 3 pauses‏ ا 
ihre ah bow F‏ 

A wih pva- 
amd. حا‎ parallel... 

bo given Ve ctor G- | 
34 P a omt 
m tie lne r kin 
& Then عدن‎ ie: 0 





ee NET EE i ES‏ = و 

P= SA+ AP BG SO ae ا ل‎ 0 
SR dal A ل لي‎ T 

to Vector h un AB = Eb pron +a 
"Y TESCO "— Scala . 

Lu 

OP = OA + tbh. 

A. A+. = Required. امد‎ of line. 

Screw Walon: TET 


Bobl lense) Define screw didi and... 
Pitch of the screw ` 

(b) Prove thal: the umm ngid. bad 
molim Ik a Serve mohon 
Sol # O Definition +, 1 
Such a du laa. of 
ngid body which.. tvamslaio . ib im the 
bame direch ab th. direcho. ef ayn: F 





22 


ù @ + + —9 9 *‏ © ه 


| rotation » / Aa called Acre motim. 











Fhe aplanis of rigid beds el 
diyectin ef translation and dirchm of axi 
كد‎ rotation are parallel, V Called screw mofim 


Fite r "E 
ilch Acrea) ١ ما‎ ١ the vafio 
ef the غمص اضرا0‎ Tr el m to. the angle 

ef yolation: ا‎ ye Li 


eneyal Ki 


We tna that wm — Cae. أنه‎ 
no pomt ef the rigid bo Us Fixed, amy 
mohm *f body ù eguivalent to a translation 
"o wilh a votalian about am - dads . 

: We now how. that potiho ef anu 
of tai cam be ^o chosen dhat " 
icm lakm v Parallel to if - 

. جيل‎ (ka pot Os Kred -m lhe bod, 

hin: velo ly U amd let 
p be the wuntantaneasg 
"^ veloci of fhe 
YO wv my 
she po ef body 
wih | 007 2 كز‎ amd “لا‎ 
be li سآن ماعنا‎ of o 1 he 


Wwe haue 
Vo = Vo + Ux. 


id Bod e as QcIew Malay # 








0 va v. 4 dx bo 30. NT 
Now. if we. choose pomt o’. . that 


` 





7 9*9 ديوس مير 4ه e‏ قدا نو ود ىو aw‏ 


` anh: £ volalian , hen 
| | | bj) X aM 
` amd hom © , We y" 


O = QxV 4 4 »كك ) “ا‎ 4 
| a Wk 4 (8). A)  - D 
y ^ ry lon we have ee 


TEE: Ec ES se 22000 
| M S xv + Aw —0O 
2 E PE Tgk: : MEC ven عه وی‎ on 4 


Galion a s eni die lie thro point 


dih - qe a oT amd parallel io 4J- 
(Ju 

| 

| 


CO d PV of pomt O^ and © ها‎ 
s of Ine - | 
When A varies: pv vf O tracts dut 
a | لولدم‎ lre : parallel to W te of 
mova oma Straight . fme parallel to lhe | 
amis ` P -volalan ٠ Hence the instantameous :- 
molon f jhe. beds W^. A Acrew mohio ` 
abaut tua. lie. this lme n caled.. the 
amis of the -Screw oy cenkal. ani Čvek, pain 
on the. Asia. movet mr it and lei ea 
turns about "an. | 
Now - the veloul . V at an port 
| P of the body «he OP=A Ù given by 
V ب‎ V+ UxÀ 





| 








Hemee. =.. 


\) 


V: g 
2 he Sêda quant J ما‎ invariant 
for’ the bylem ~ at amy -unttant. Also أله‎ 
ها‎ Mmvaviant. We. write. "TEN 


op V. | | dq 4 
00 7^ | — 
bu then ; arr e Ai 


Foy amy pamit om the ann “f 


s 





the rne the veloci w^. f lhe صر‎ 7 | 
pavetllel to WW. There pe hk P 
p= u^) = u's cots I 

Lo GLb. | | 

( een 7 x | 

= em ristamee alm; axis | 

LAN 5 = (2 — . fs) | 

E E “(Angle F hrni | 

BE xm RET). | 

«p = Distance alu amir "f Sertu 1 

l b s Angle tum .. , A 

Ej 9 1^ ka pitch Ff fhe `. Seares: o. 4 
Bı Muk nad. Ma » cli a (Ma eg. ASS hay Mall i 





Problem # A vigid. har. spin w amd 
— . 0 of ha body has Vel. ü. Sha. 
dur hy > Parke 4 ef fha body: Wilk | 
وان ماعنا‎ . vector. parallel to. له‎ Lies Haw. tine 
"» vector eu alm 
- C V) 
4 = Ie ae d he 













م Sef Vedi f P be V ^ adhi.‏ ريو 
pavallel fo W.‏ 


Shen 


|0» A 
| 
IC 








sa HA a = HX). we wer 

which is am eguahon of lma. « 

paming: lirargh a ار‎ A PV aa XY 
a> 





and `- +P axallel. fo Tus. bhas lhat —— 
— Auth -Parhde p e£. WA I: wih a... 
parallel. to. 4. bts 2 fa. عفص‎ as ° 


لم 

—— 

æ ai 0 . Uh 
3 —À سے‎ 


A ` - bi p 2 ee Pad - 
DEAN: - REN 


xe fe c LS s 





aed Show that foe egual and 


opposite Yotations ef a Yid 
body ahot fuo dishit payallel axe are 
equivalent to a tramslalic fon ki the i * 


Proof 





=f Li and Ar he two ditinct parallel 
rotation ef ba. vigid body. Smeg 

the he vola ONS f vigid nocd about. Lı and La 
016 epual. amd- opposite ,therefove.if 09 ú 

am gulay Velocily . about. D amh- clock wise ; ben 

will be. M Velouly. ab aut Lr, clockwise.‏ ل 
KU Oi and Or be poimk om the‏ 

am, of votakhom Li tle sud tat Qo K. 

Ft P be any pomt -f rigid body sud 


OP=4i | d Opa دل‎ 








The veloab;. f- P we. ne Oe ne 
. ولا‎ > (vel. f P dueto YotabatZ,) +(Vel P 
` due to vot: about bi) = =>> - 


= (+ x Ai + (42) x Le 
- بے‎ × (Êi Aa) 


V سيم‎ ORE عسي‎ PX t 


which gives aly fmear velou of pomt F 
and ù widependent of Poli "f P- Thar evew 
point frigid body moves unstamianemsty wilh 
this Velocity i-e- the rigid body has a tramshatim 
became during translation 4f a. Yigid body each 
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